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(§) La presente invention concerne un precede de pro- 
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surexpression d'une' hydroxyph^nyl pyruvate dioxyg6nase 
(HPPD) dans les chloroplastes des cellules vegetales des 
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Nouvcllc mcthode de production dc tocopherols dans les planles, ct plantes obtcnucs 

La presente invention concerne une nouvelle methode dc production de tocopherols 
dans les plantes, et les plantes obtenues a forte tcneur en tocopherols. 
5 La viiamine E el les tocopherols sonl des coniposants essentiels dans les organismes 

vivants, en particulier vegetaux ou animaux. notamment par Icurs proprictcs antioxydantes. Ms 
sont d'aillcurs couramment employes en alimentation humaine ou animalc, dc memc qu'en 
cosmetique. 

II est aujourd'hui connu que le niveau d'expression de tocopherols, en particulier de 

10 vitamine E dans les plantes, peut etre module et controle en- controlant I'expression d'une 
enzyme impliquee dans la biosynthcse des tocopherols, la para hydroxyphenyl pyruvate 
dioxygenase, ci-apres HPPD (WO 97/27285). 

Cette HPPD se trouve dans de nombreux organismes vivants, unicellulaires, en 
particulier bacteriens, ou plirricellulaires, en particulier dans les plantes ou elle est exprimee 

15 dans le cytoplasme cellulaire pour produire de I'homogentisate a partir de Tacide para 
hydroxyphenyl pyruvique (WO 96/38567). II a d'ailleurs ete constate que les enzymes de 
plantes etaient des enzymes cytoplasmiques, ne comprenant pas de sequence de type « peptide 
de transit » susceptibles de conduire a Texpression d'une proteine mature dans les 
chloroplastes (Garcia I. & al. (1997) Biochem, J. 325 :761-769). 

20 L'HPPD est par ailleurs la cible de nombreux herbicides, et il a etc constate que sa 

surexpression dans des plantes gencticalement modifiees par I'integration dans le genome 
desdites plantes de genes codant pour une HPPD sous le controle d'elements de regulation 
appropries pour Texpression dc ladite HPPD, permettait d'obtenir une tolerance amcliorcc 
aux herbicides inhibiteurs de cette enzyme (WO 96/38567). 

25 Dans les cellules vegctales transformees avec les genes ci-dessus, il va y avoir une 

activite HPPD superieure a cclle normalement trouvee dans une cellule vegetale du meme 
type non transformee. Cette activite supplementaire va entramer la production d'une plus 
grande quantitc d'homogentisatc dans la cellule. Cet homogentisate a deux devenir possibles 
dans une cellule vegetale. 11 peut soil etre degrade dans le cytoplasme, soil etre transporte dans 

30 le chloroplaste pour etre utilise comme precurseur de molecules indispensables au bon 
fonctionnement de I'appareil chloroplastique. Toutefois, si cette surproduction 
d'homogentisate a lieu dans le cytoplasme une grande quantite de cet homogentisate 
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supplcmeniaire sera degrade via rhomogeniisate dioxygcnasc, limitant foricmenl la possilite 
d'augmcnter de manierc substantielle la quantite de tocopherols ct de viiaminc E produits 
dans la plante transformec. 

Bien que Tenzyme natureilc soil unc cn/yme cytoplasmique, on a mainlcnanl trouve 

5 que le fait d'exprimer une HPPD dans les chloroplasles des planies permeiiaient d'augmenter 
subslanliellcnncnt la teneur en tocopherols ct en vitamine E desdites plantcs transformccs, lant 
vis a vis des plantcs non transformees (ilPPD native uniqucmcnt) que vis a vis des planies 
transformccs assurant une surexpression d"HPPD dans Ic cyloplasme uniquement, dcerites 
dans Tetat de la technique (WO 97/27285). 

10 La presente invention conceme done nouveau procede de production de tocopherols 

dans des plantcs genetiqucment modifiees, lequel procede consiste a culliver une plante 
gcnetiquement modifiee appropriee pour effectuer la surexpression d'une HPPD dans les 
chloroplastes des cellules vegetales des dites planies genetiqucment modifiees. 

L'HPPD sureprmimee dans les chloroplastes selon Finvention peut etrc de differentes 

15 origines, notamment d'origine bacterienne ou de plantes, en psuliculier de Pseudomonas sp, 
d^Arahidopsi\ de carotte, de ble, etc. Plusieurs sequences proteiques d'HPPD et les sequences 
nucleotidiques codant pour lesdites sequences proteiques, les moyens de les isoler sont 
dcerites dans la litterature, nolamment dans la demande de brevet WO 96//38567, dent le 
contenu est incorpore ici par reference. II peut egalement s*agir d'HPPD ayant subi au nioins 

20 une mutation dans leur region C-terminale, telles que decrites dans la demande de brevet FR 
97 14264, dont le contenu est incorpore ici par reference. 

Scion un mode prcferentiel de realisation de Tinvention, THPPD peut etre surexprimee 
dans les chloroplastes par la surexpression dans Ic cyloplasme d'une proteine de fusion 
comprenant un peptide de transit lie a THPPD a son extremite N-terminale (peptide de 

25 transit/HPPD). 

Les peptides de transit utiles scion Tinvcntion et leurs sequences codanies 
comprenncnt tous les peptides de transit de precurseurs cytoplasmiques de proteines ou de 
polypeptides a localisation plastidiale de plantes, preferentiellement chloroplastiqucs. II s'agit 
notamment du peptide de transit de la petite sous unite de la ribulose-l,5-bisphosphate 
30 carboxylase/oxigenase ou de la proteine de liaison chlorophyllienne a/b dccrils avec leurs 
sequences codantes dans le brevets US 5,728,925, dont le contenu est incorpore ici par 
reference. II s'agit egalement du peptide de transit de TEPSPS de plante decrit dans le brevet 



us 4,940,835, dont le contenu est incorpore ici par reference. 

Scion un mode preferentiel de realisation de IMnvention, le peptide de transit est un 
peptide de transit multiple constitue par un premier peptide de transit un d'un prccurscur 
cytoplasmique d'une proteine ou d'un polypeptide a localisation plastidiale, unc panic de la 

5 partie mature N terminale d'une proteine ou d'un polypeptide a localisation plastidiale, puis un 
deuxicme peptide de transit d'un prccurscur cytoplasmique d'une proteine ou d'un 
polypeptide a localisation plastidiale. De manicre prefercnticllc, le premier et deuxieme 
peptide de transit sont diffcrcnts. Par different, on emend scion T invention des peptides de 
transit provenant de precurseurs cytoplasmiques de proteines ou polypeptides a localisation 

10 plastidiale differents, ou des peptides de transit provenant de memes precurseurs de proteines 
ou polypeptides, mais de plantes differentes, Les peptides de transit multiples selon 
rinvention sont notamment decrits dans le brevet US 5,633,448 dont le contenu est incorpore 
ici par reference. De maniere preferentiel le, le peptide de transit multiple est le peptide de 
transit optimist decrit avec sa sequence codante dans le brevet US 5,633,448, comprenant le 

15 peptide de transit de la petite sous unite RuBisCO de toumesol, une sequence de 22 acides 
amines de la petite sous iinite de la RuBisCO de mais et le peptide de transit de la petite sous 
unite de la RuBisCO de mais. La sequence d'ADN codant pour le peptide de transit optimise 
. associee a la sequence codant pour une HPPD de Pseudomonas est representee par 
ridentificateur de sequence n°l (SEQ ID NO 1), et notamment d^crite dans la demande de 

20 brevet WO 96/38567. Les genes chimcres comprenant unetelle sequence, les vecteurs de 
transformation des plantes, les cellules vegetales transformees les conlenant et les plantes 
rcgenerecs a partir de ces cellules transformees sont decrits dans la demande de brevet WO 
96/38567. II est cntendu que la transformation et la regeneration des plantes selon un mode 
particulier preferentiel dependra de la plante selectionnce dans laquelle on souhaiie 

25 surexprimmer THPPD dans les chloroplastes. II est entendu que les techniques de 
transformation et de regeneration des plantes est maintenant bien connue de Thommc du 
metier. Ces transformations sont effectuees en particulier par T introduction de particules 
accclcrecs enrobees d'ADN dans les cellules vegetales, par Tintroduction de TADN dans les 
cellules vegetales au moycn d'une agitation du milieu conlenant les deux en presence 

30 d'aiguilles, par les techniques d'electroporation ou encore au moyen de cellules 
d'Agrobacterium appropriees. Ces techniques sont notemiment decrites dans les brevets et 
demandes de brevet suivants : US 4,459,355, US 4,536,475, US 5,464,763, US 5,177,010, US 
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5,187,073, EP 267,159, EP 604 662, EP 672 752, US 4,945,050, US 5,036,006, US 
5,100,792, US 5,371,014, US 5,478,744, US 5,179,022, US 5,565,346, US 5,484^956, US 
5,508,468, US 5,538,877, US 5,554,798, US 5,489,520, US 5,510,318, US 5,204,253. US 
5.405,765, EP 270 615, EP 442 174, EP 486 233, EP 486 234, EP 539 563, EP 674 725, WO 

5 91/02071 ci WO 95/06128. 

Lcs plantcs gcneliquemenl modificcs appropriccs pour effectuer une surcxprcssion dc 
rHPPD dans lcs chloroplastes sont en particulier dccriles dans la demande de brevet WO 
96/38567, dont Ic contcnu csi incorpore ici par reference. 

Scion un autre mode preferentiel de realisation de Tinvention, THPPD pcut elre 

10 surexprimee dans les chloroplastes en inlroduisant dans Ic genome chloroplastique desditcs 
plantes un gene codant pour une HPPD sous le controle d'elements dc regulation fonctionnels 
dans les chloroplastes. Les techniques d'insertion de genes dans les chloroplastes, comnne les 
elements de regulations appropries a Texpression desdits genes dans les chloroplastes sont 
bien connus de Thomme du metier, et notamment decrits dans les brevets et demandes de 

15 brevet suivants : US 5,693,507, US 5,451,513 et WO 97/32977. 

Scion un mode de realisation preferentiel de Tinvention, les plantes appropriccs pour 
le procede selon Tinvention sont choisies parmi les plantes monocotyledones ou 
dicotyledones, en particulier potageres ou de grande culture, notamment choisies parmi lcs 
tomates, les cereales, les plantes oleagineuses, et plus parti culierement parmi le mais, le colza, 

20 le soja, le toumesol. 

Certaines plantes pcuvent etre modifiees de manicre a avoir une teneur en huiles 
specifiques differentes de celle trouvees naturellement dans les plantes, de maniere a obtenir 
dcs plantes a plus haute valcur ajoulec et a modifier leurs qualitcs nutritionnelles. II s'agit 
notamment de produire des mais a plus forte teneur en huiles, ou encore des tourncsols, dcs 

25 sojas ou des colzas enrichis en acidcs gras essenticis a santc humaine ou animale, Ces plantes 
a teneur en huiles modificcs pcuvent etre obtenucs par des mcthodes conventionnelles de 
croisement et de selection, ou encore par introduction dans le genome desdites plantes d'un ou 
plusieurs genes heterologues dont Texprcssion permet de modifier le contenu en huiles tanl 
qualitatif que quantitatif De telles plantes transformees sont notamment decrites dans lcs 

30- brevets suivants : US 5,378,758, US 5,434,283, US5,476,524, US 5,545,821, US 5,602,31 1, 
US 5,625,130, US 5,638,637, US 5,668,299 ou US 5,710,366. Les genes codants pour des 
proteines susceptibles dc modifier le contenu en huiles des plantes, et les plantes transformees 
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Ics conienant sont notammcnt dccrits dans Ics brevets et demandcs dc brevet suivanis : WO 
98/06862, WO 98/05758, WO 97/48793, WO 97/16559, JP 9 065 882, WO 97/12047, WO 
97/07222, WO 96/31609, WO 96/24674, WO 96/02652, JP 6 090 766, WO 93/11245, WO 
91/18985, WO 91/13972, US 5,706,603, US 5,704,160, US 5,689,050, US 5,663,068, US 

5 5,639.790, US 5,614,393, US 5,589,619, US 5,530,186, US 5,512,482, US 5,500,361, US 
5.498.544 ou US 5,254.801. 

Pour des plantes modifieeii de maniere a produire des leneurs en huiles a haute valeur 
ajoutec (tant par la qualitc que par la quantitc des huiles produites) il est nceessaire de 
protcger cffieacement les huilcs produites, en partieulier centre Icur oxydation qui les 

10 rcndraicnt inexploitatblcs ct/ou lour fcrait pedre toute valeur. II a etc ainsi constate pour 
certains mais modifies de maniere a produire de grandes quantites d' huilcs, tels que eeux 
decrits dans le brevet US 5,704,160, un phenomene d'oxydation accelere desdites huiles et de 
rancissement, qui rendaient les grains de ces maVs inexploitables, en partieulier pour 
Talimentation animaie. En augmentant la production de tocopherols et de vitamine E dans de 

15 telles plantes modifiees, il est possible de proteger lesdites huiles produites contre les 
phcnomenes d'oxydation. 

Selon un mode preferentiel de realisation de Tinvention, la plante dans laquelle IHPPD 
est surexprimee dans les chloroplastes est une plante a teneur cn huiles modifiee telle que 
decrite ci-dessus. 

20 Le gene codant pour une protcine de fusion peptide dc transit/HPPD, ou pour 

Texpression directe d'HPPD dans les chloroplastes peut etre introduit dans les dites plantes 
soit directement en employant les techniques usuelles du genie genetique, notamment decrites 
ci-dessus, soit par croisemcnt ct selection avec une plante mere comprenant ledit gene. 

Dans le cas de plantes modifiees par les techniques de genie genetique de maniere a 

25 exprimer une ou plusieurs protcincs modifiant son contenu cn huilcs, tant qualilatif que 
quanlitatif, le ou les genes codant pour lesdites protcincs modifiant le contenu en huiles 
peuveni etre introduits dans le genome de ladite plante simultanement avec le gene codant 
pour une proteine de fusion peptide de transit/HPPD. Selon un mode partieulier de realisation 
de Pinvention, les genes seront introduits simultanement et assocics dans un meme vecteur, en 

30 partieulier un meme plasmidc, de maniere que les genes soient toujours associes dans le 
genome de la plante transformee. Dans ce cas, non seulcment le gene codant pour la proteine 
de fusion peptide de transit/HPPD permettra de preserver de Toxydation Ics huiles de la plante 
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oblonuc, ct done sa valeur, mais egalement du fait dc scs proprieles de tolerance a certains 
herbicides dccritcs dans la demande de brevet WO 96/38567, il facilitera la selection dcs 
plantcs a haute valour ajoutcc dans Ics programmes de selection dcs scmcnciers. 

Apres culture des diies plantcs gcnctiquement modifiees de maniere a surexprimer 
HPPD dans Ics chloroplastes, les tocopherols et la vitamine E peuvent etre extraits et purifies, 
loialement ou cn panic, selon les methodes usuellcs, lant des feuilles que des graines des 
plantcs cultivecs. Dans Ic cas des plantcs modificcs de maniere a modifier Icur tcneur en 
huilcs, les tocopherols ci la vitamine E peuvent etre extraits simultancment avec les huilcs dcs 
ditcs plantcs cultivecs, assurani simultanement la preservation des dites huiles conire les 
phenomenes d^oxydation et rcnrichissement des dites huiles avec des molecules a hauies 
valeur ajoutee essentielles a la sante animale et humaine, et a leur alimentation. 

Selon un mode dc realisation de finvention, les plantes cultivecs ou leurs graines 
peuvent etre employees tellcs quellcs, sans extraction prealable dc la vitamine E et des 
tocopherols comme element alimentairc, seul ou en melange destine a Talimcntation humaine 
ou animale. 

Les exemples ci-apres permettent d'illustrcr Finvention, sans toutefois en limiter la 

portcc. 

Exemplc 1 : Teneur en vitamine E de tabacs modifies 

Les tabacs modifies CY et CO decrits dans Ics exemples 2 a 5 de la demande de brevet 
WO 96/38567 ont ete cultives. La teneur en vitamine E dans les feuilles des tabacs cultives est 
mesuree apres extraction de la vitamine E. Les analyses montrent une teneur en vitamine 
superieure pour le tabac CO avec localisation de I'HPPD dans les chloroplastes. 

L'analysc a etc faitc de la maniere suivantc : extraction qualitative non altcrantc mcncc 
a Taide d'un systeme de solvant type hexane :isopropanol 3 :2 (v/v), mais d'autrcs melange 
sont utilisables. Puis dosage des tocopherols par CLHP selon divers protocoles comme cntre 
autre cclui reference lUPAC 2.432. 

Exemplc 2 : Teneur cn vitamine E d'un soja modifle 

Des tissus soja, variete Jack et varictc Chapman ont ete transformcs comme suit : 
Les tissus de soja sont transformes par la technique de bombardement dc particules (Finer ct 
Mc Mullen, 1991, In vitro Cell. Dev. Biol. 27P: 175-182.). 

La regeneration du soja est obienue selon le protocole decrit par Finer et Mc Mullen, 
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1991. Des suspensions cnnbryogcncs soni iniiiccs a parlir dc coiylcdons /ygoiiqucs 
immatures; ces suspensions sent rcnducs compctcntcs a la iransformaiion par rcpiquagcs 
successifs sur un milieu contcnant du 2,4 D. Lcs tissus de soja sent alors iransformes par la 
technique de bombardement de particuics. La selection des tissus se fait sur un milieu 

5 contcnant rhygromycine comme agent de selection a la dose dc 30 ppm. La regeneration des 
cals cmbryogenes en plantes fcrtiles est obtcnue par une conversion des cals en embryons par 
relrait du 2,4 D. Ces embryons sont ensuite enracines et mis a germer sur un milieu appropric. 
Lcs jcunes planics sont transferees en serre. 

Nous avons oblenu selon ce procede des sojas Jack el Chapman. lis comprenent un 

10 gene codant pour une proteine de fusion OTP/HPPD, decrite par Tidentificateur de sequence 
n° 1, sous le controle d'elements de regulation comprenanl un promoteur Double histone el de 
ractivateur de transcription TEV et un terminateur Nos (conslruit identique a celle introduile 
dans les labacs modifies CO de Texemplc 1 et reprcsente schematiquemeni dans la figure 
suivante). 

15 Representation schematique du pene de TOTP/HPFD 

Promoteur double histone 

Activateur de transcription (TEV) 
Peptide de transit optimise 
Region codante de THPRD 
Terminateur nos 

Ces sojas modifies, avec une forte aclivite HPPD dans les plastes, ont montre une 
tolerance a de trcs fortes tcncurs en isoxaflutole (herbicide inhibiteur d'HPPD), La leneur en 
20 vitamine E dans lcs feuilles ct lcs graines de ces sojas iransformes est ires nettement 
supcricurc a la tencur cn vitamine E des sojas non iransformes correspondants. 
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LISTE DE SEQUENCES 

(iii) NOMBRE DE SEQUENCES: 1 



(2) INFORMATIONS POUR LA SEQ ID NO: 1: 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 144 9 paires de bases 

(B) TYPE: nucleotide 

(C) NOMBRE DE BRINS : double 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 

(ix) CARACTERISTIQUE: 

(A) NOM/CLE: OTP 

(B) EMPLACEMENT:!. .3 72 

(ix) CARACTERISTIQUE: 

(A) NOM/CLE: HPPD 

(B) EMPLACEMENT: 3 73. .1446 



(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO : 1: 

ATG GCT TCG ATC TCC TCC TCA GTC GCG ACC GTT AGC CGG ACC GCC CCT 4 8 

Met Ala Ser He Ser Ser Ser Val Ala Thr Val Ser Arg Thr Ala Pro 
15 10 15 

GCT CAG GCC AAC ATG GTG GCT CCG TTC ACC GGC CTT AAG TCC AAC GCC 96 
Ala Gin Ala Asn Met Val Ala Pro Phe Thr Gly Leu Lys Ser Asn Ala 
20 25 30 

GCC TTC CCC ACC ACC AAG AAG GCT AAC GAC TTC TCC ACC CTT CCC AGC 14 4 

Ala Phe Pro Thr Thr Lys Lys Ala Asn Asp Phe Ser Thr Leu Pro Ser 
35 40 45 

AAC GGT GGA AGA GTT CAA TAT ATG CAG GTG TGG CCG GCC TAC GGC AAC 192 
Asn Gly Gly Arg Val Gin Tyr Met Gin Val Trp Pro Ala Tyr Gly Asn 
50 55 60 

AAG AAG TTC GAG ACG CTG TCG TAC CTG CCG CCG CTG TCA ATG GCG CCC 24 0 

Lys Lys Phe Glu Thr Leu Ser Tyr Leu Pro Pro Leu Ser Met Ala Pro 
65 70 75 80 

ACC GTG ATG ATG GCC TCG TCG GCC ACC GCC GTC GCT CCG TTC CAG GGG 288 
Thr Val Met Met Ala Ser Ser Ala Thr Ala Val Ala Pro Phe Gin Gly 
85 90 95 

CTC AAG TCC ACC GCC AGC CTC CCC GTC GCC CGC CGC TCC TCC AGA AGC 33 6 

Leu Lys Ser Thr Ala Ser Leu Pro Val Ala Arg Arg Ser Ser Arg Ser 
100 105 110 

CTC GGC AAC GTC AGC AAC GGC GGA AGG ATC CGG TGC ATG GCA GAT CTA 384 
Leu Gly Asn Val Ser Asn Gly Gly Arg He Arg Cys Met Ala Asp Leu 
115 120 1 
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TAC GAA AAC CCA ATG GGC CTG ATG GGC TTT GAA TTC ATC GAA TTC GCG 4 32 

Tyr Glu Asn Pro Met Gly Leu Met Gly Phe Glu Phe He Glu Phe Ala 

5 10 15 20 

TCG CCG ACG CCG GGT ACC CTG GAG CCG ATC TTC GAG ATC ATG GGC TTC 480 

Ser Pro Thr Pro Gly Thr Leu Glu Pro He Phe Glu He Met Gly Phe 

25 30 35 

ACC AAA GTC GCG ACC CAC CGT TCC AAG AAC GTG CAC CTG TAC CGC CAG 5 28 

Thr Lys Val Ala Thr His Arg Ser Lys Asn Val His Leu Tyr Arg Gin 

40 45 50 

GGC GAG ATC AAC CTG ATC CTC AAC AAC GAG CCC AAC AGC ATC GCC TCC 5 76 

Gly Glu He Asn Leu He Leu Asn Asn Glu Pro Asn Ser He Ala Ser 

55 60 65 

TAC TTT GCG GCC GAA CAC GGC CCG TCG GTG TGC GGC ATG GCG TTC CGC 624 

Tyr Phe Ala Ala Glu His Gly Pro Ser Val Cys Gly Met Ala Phe Arg 

70 75 80 

GTG AAG GAC TCG CAA AAG GCC TAC AAC CGC GCC CTG GAA CTC GGC GCC 672 

Val Lys Asp Ser Gin Lys Ala Tyr Asn Arg Ala Leu Glu Leu Gly Ala 

85 90 95 100 

CAG CCG ATC CAT ATT GAC ACC GGG CCG ATG GAA TTG AAC CTG CCG GCG 720 

Gin Pro He His He Asp Thr Gly Pro Met Glu Leu Asn Leu Pro Ala 

105 110 115 

ATC AAG GGC ATC GGC GGC GCG CCG TTG TAC CTG ATC GAC CGT TTC GGC 76 8 

He Lys Gly He Gly Gly Ala Pro Leu Tyr Leu He Asp Arg Phe Gly 

120 125 130 

GAA GGC AGC TCG ATC TAC GAC ATC GAC TTC GTG TAC CTC GAA GGT GTG 816 

Glu Gly Ser Ser He Tyr Asp He Asp Phe Val Tyr Leu Glu Gly Val 

135 140 145 

GAG CGC AAT CCG GTC GGT GCA GGT CTC AAA GTC ATC GAC CAC CTG ACC 864 

Glu Arg Asn Pro Val Gly Ala Gly Leu Lys Val He Asp His Leu Thr 

150 155 160 

CAC AAC GTC TAT CGC GGC CGC ATG GTC TAC TGG GCC AAC TTC TAC GAG 912 

His Asn Val Tyr Arg Gly Arg Met Val Tyr Trp Ala Asn Phe Tyr Glu 

165 170 175 180 

AAA TTG TTC AAC TTC CGT GAA GCG CGT TAC TTC GAT ATC AAG GGC GAG 96 0 

Lys Leu Phe Asn Phe Arg Glu Ala Arg Tyr Phe Asp He Lys Gly Glu 

185 190 195 

TAC ACC GGC CTG ACT TCC AAG GCC ATG AGT GCG CCG GAC GGC ATG ATC 1008 

Tyr Thr Gly Leu Thr Ser Lys Ala Met Ser Ala Pro Asp Gly Met He 

200 205 210 



CGC ATC CCG CTG AAC GAA GAG TCG TCC AAG GGC GCG GGG CAG ATC GAA 
Arg He Pro Leu Asn Glu Glu Ser Ser Lys Gly Ala Gly Gin He Glu 
215 220 225 
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GAG TTC CTG ATG CAG TTC AAC GGC GAA GGC ATC CAG CAC GTG GCG TTC 1104 
Glu Phe Leu Mec Gin Phe Asn Gly Glu Gly lie Gin His Val Ala Phe 
230 235 240 

CTC ACC GAC GAC CTG GTC AAG ACC TGG GAC GCG TTG AAG AAA ATC GGC 115 2 

Leu Thr Asp Asp Leu Val Lys Thr Trp Asp Ala Leu Lys Lys lie Gly 
245 250 255 260 

ATG CGC TTC ATG ACC GCG CCG CCA GAC ACT TAT TAC GAA ATG CTC GAA 1200 
Met Arg Phe Mec Thr Ala Pro Pro Asp Thr Tyr Tyr Glu Met Leu Glu 
265 270 275 

GGC CGC CTG CCT GAC CAC GGC GAG CCG GTG GAT CAA CTG CAG GCA CGC 1248 
Gly Arg Leu Pro Asp His Gly Glu Pro Val Asp Gin Leu Gin Ala Arg 
280 285 290 

GGT ATC CTG CTG GAC GGA TCT TCC GTG GAA GGC GAC AAA CGC CTG CTG 12 96 

Gly lie Leu Leu Asp Gly Ser Ser Val Glu Gly Asp Lys Arg Leu Leu 
295 300 305 

CTG CAG ATC TTC TCG GAA ACC CTG ATG GGC CCG GTG TTC TTC GAA TTC 1344 
Leu Gin He Phe Ser Glu Thr Leu Met Gly Pro Val Phe Phe Glu Phe 
310 315 320 

ATC CAG CGC AAG GGC GAC GAT GGG TTT GGC GAG GGC AAC TTC AAG GCG 1392 
He Gin Arg Lys Gly Asp Asp Gly Phe Gly Glu Gly Asn Phe Lys Ala 
325 330 335 340 

CTG TTC GAG TCC ATC GAA CGT GAC CAG GTG CGT CGT GGT GTA TTG ACC 144 0 

Leu Phe Glu Ser He Glu Arg Asp Gin Val Arg Arg Gly Val Leu Thr 
345 350 355 

GCC GAT TAA 144 9 

Ala Asp 
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REVENDICATIONS 

1. Proccdc do production do tocopherols dans dcs plantos gcncliqucnicni 
modificcs, caracterise en ce qu'il consistc a culiivcr une plante gcnciiquoinont modiilcc 
appropricc pour effeciuer la surexprossion d'unc hydroxy phenyl pyruvate dioxygenasc 
(IIPPD) dans les chioroplasles des cellules vegetales desdites planies gcnciiquemcni 
modifiees. 

2. Procede scion la rcvendicalion I , caracterise en cc que THPPD est surexprimce 
dans les chloroplastcs par la production dans Ic cytoplasmc d'une proleinc dc fusion 
comprcnant un peptide de transit lie a THPPD a son cxircmite N-terminale (peptide de 
iransit/HPPD). 

3. Procede scion la rcvendication 2, caracterise en ce que le peptide de transit 
connprcnd un peptide de transit d'un precurseur cytoplasmiquc d'une proicine ou d'un 
polypeptide a localisation plastidialc de plantes, preferentiellement chloroplastiques. 

4. Procede selon la rcvendication 3, caracterise en ce que Ic peptide de transit 
connprend le peptide de transit de la petite sous unite de la ribuiose-K5-bisphosphate 
carboxylase/oxygenase ou de la proteine de liaison chlorophyllierme a/b ou Ic peptide dc 
transit de TEPSPS de plante. 

5. Procede selon la rcvendication 2, caracterise en ce que le peptide dc transit est 
un peptide de transit multiple constitue par un premier peptide de transit d'un precurseur 
cytoplasmiquc d'une proteine ou d'un polypeptide a localisation plastidiale, une partie de la 
panic mature N tcrminalc d'une proteine ou d'un polypeptide a localisation plastidiale, puis un 
deuxieme peptide de transit d'un precurseur cytoplasmiquc d'une proteine ou d\in 
polypeptide a localisation plastidiale. 

6. Procede scion la rcvendication 5, caracterise en ce que le peptide do transit 
multiple est le peptide de transit optimise comprcnant le peptide de transit dc la petite sous- 
unite dc la RuBisCO dc lourncsol, unc .sequence dc 22 acidcs amines de la petite sous unite de 
la RuBisCO de maVs el le peptide de transit de la petite sous-unite de la RuBisCO dc maVs. 

7. Precede scion la rcvendication 6, caractcri.se en ce que la proteine dc fusion 
peptide de transit/HPPD a la sequence decrite par ridentificateur dc sequence n° 1 (SEQ ID 
NO 1). 

8. Procede selon Tunc dcs rcvendications 1 a 7, caracterise cn ce que la plante est 
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choisie parmi les lomatcs, les cereales, les plantes oleagineuscs, ct plus particulierement parmi 
Ic mais, le col/a. Ic soja, Ic loumesol. 

9. Proccdc scion Tunc dcs revendicalions 1 a 8. caractcrisc cn cc que la planle est 
une plame a teneur en huilc modificc. 

10. Precede scion Tunc dcs revendicalions 1 a 9, caractcrisc cn cc eiuc les 
locophcrols sent cxtraits el purifies, lotalement ou cn panic. 

1 1. Proccdc scion Tune dcs revendicalions I a 10, caractcrisc cn ce que les plantes 
culiivecs ou Icurs graincs soni employees lellcs quelles, sans exiraclion prcalable de la 
viiaminc E ct dcs tocopherols comme elements alimcntaircs, souls ou cn melanges destines a 
ralimenlaiion humaine ou animale. 
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A novel method of tocopherol production in plants, and the plants thus obtained 

This invention concerns a novel method of tocopherol production in plants, and the plants thus 
obtained that have high tocopherol content. 

Vitamin E and tocopherols are essential components of living organisms, especially plants and 
animals, and are notable for their antioxidant properties. They are also commonly used in human 
and animal food, as well as in cosmetics. 

It is known that the level of tocopherol expression, especially vitamin E in plants, can be 
modified and controlled by controlling the expression of an enzyme involved in the biosynthesis 
of tocopherols, p-hydroxyphenylpyruvate dioxygenase, hereafter called HPPD (WO 97/27285). 

HPPD is found in numerous living organisms, both monocellular, especially bacteria, and 
multicellular, especially plants in which it is expressed in the cellular cytoplasm to produce 
homogentisate from p-hydroxyphenylpyruvic acid (WO 96/3857). It has further been observed 
that the plant enzymes were cytoplasmic enzymes that did not contain "transit peptide" type 
sequences that could cause a mature protein to be expressed in the chloroplasts (Garcia 1. et al 
(1977), Biochem. J. 325:761-769). 

HPPD is also the target of numerous herbicides, and it has been observed that overexpression of 
HPPD in genetically modified plants, which were modified by integrating genes coding for 
HPPD into said plants' genome controlled by appropriate regulating elements for said HPPD 
expression, improved tolerance to herbicides that inhibit this enzyme (WO 96/38567). 

In plant cells modified with the above genes, HPPD activity will be greater than that normally 
seen in a plant cell of the same type that is not modified. Such additional activity will lead to 
increased production of homogentisate in the cell. This homogentisate can develop in one of two 
ways in a plant cell. It may either be degraded in the cytoplasm or transported in the chloroplast 
to be used as a precursor molecule necessary for proper chloroplast function. Although the 
overproduction of homogentisate occurs in the cytoplasm, a large amount of additional 
homogentisate will be degraded by means of homogentisate dioxygenase, strongly limiting 
possibilities for substantially increasing the amount of tocopherol and vitamin E products in the 
modified plant. 

Although the natural enzyme is a cytoplasmic enzyme, it has been discovered that HPPD 
expression in plant chloroplasts can substantially increase the tocopherol and vitamin E content 
of said modified plants, in both non-modified plants (native HPPD only) and plants modified 
with HPPD overexpression only in the cytoplasm, described in the prior art (WO 97/27285). 

This invention thus concerns a novel procedure for tocopherol production in genetically modified 
plants, said procedure consisting of cultivating an appropriate genetically modified plant to cause 
HPPD overexpression in the plant cell chloroplasts of said genetically modified plants. 
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The overexpressed HPPD in the chloroplasts per the invention may be of various origins, notably 
bacterial or plant, and especially Pseiidomonas sp. of Arabidopsis, carrot, wheat, etc. Several 
HPPD protein sequences and nucleotide sequences coding for said protein sequences, and the 
means for isolating them, are described in the literature, notably in patent application WO 
96/38567, the contents of which is incorporated herein as reference. The HPPD may also have 
undergone a mutation in the C-terminal region, as described in patent application FR 97 14264, 
the contents of which is incorporated herein as reference. 

In a preferred embodiment of the invention, HPPD can be overexpressed in the chloroplasts by 
overexpressing a fusion protein that comprises a transit peptide bonded to the HPPD at the N- 
terminus (transit peptide/HPPD) in the cytoplasm. 

Transit peptides and their coding sequences that are useful per the invention include all transit 
peptides of protein or polypeptide cytoplasmic precursors at plastidial plant sites, preferably 
chloroplasts. Especially appropriate is the transit peptide of the ribulose-l.S-bisphosphate 
carboxylase/oxygenase small subunit, or the chlorophyll a/b binding protein that are described, 
with their coding sequences, in patent US 5,728,925, the contents of which is incorporated as 
reference. Also appropriate is the EPSPS transit peptide of the plant described in patent US 
4,940,835, the contents of which is incorporated herein as reference. 

In a preferred embodiment of the invention, the transit peptide is a multiple transit peptide 
consisting of a first transit peptide one from a cytoplasmic precurser of a protein or polypeptide 
in a plastid, a portion of the N-terminal mature part of a protein or polypeptide in a plastid, and a 
second transit peptide from a cytoplasmic precurser of a protein or polypeptide in a plastid. In 
the preferred mode, the first and second transit peptides are different. By "different" in the 
invention is meant transit peptides from protein or polypeptide cytoplasmic precursors in 
different plastids, or transit peptides from the same protein or polypeptide precursors, but from 
different plants. The multiple transit peptides per the invention are notably described in patent 
US 5,633,448, the contents of which is incorporated herein as reference. In a preferred mode, the 
multiple transit peptide is the optimized transit peptide described with its coding sequence in 
patent US 5,633,448, including the transit peptide of the sunflower RuBisCO small subunit, a 
sequence of 22 amino acids of the com RuBisCO small subunit, and the transit peptide of the 
com RuBisCO small subunit. The DNA sequence coding for the optimized transit peptide 
associated with the sequence coding for a Pseudomonas HPPD is represented by the sequence 
identifier number 1 (SEQ ID NO 1), and is notably described in patent application WO 
96/38567. Chimeric genes that include such a sequence, plant modification vectors, the modified 
plant cells containing them, and the plants regenerated from these modified cells are described in 
patent application WO 96/38567. It is understood that the modification and regeneration of 
plants in a specific preferred mode will depend on the plant in which you want to overexpress 
HPPD in the chloroplasts. It is further understood that the modification and regeneration 
techniques are well known by someone skilled in the art. These modifications are performed 
especially by "shooting" DNA-coated particles into plant cells, by introducing DNA into plant 
cells by mixing the medium containing the two using needles, by electroporation techniques, or 
by using appropriate Agrobacterium cells. These techniques are notably described in the 
following patents and patent applications: US 4,459,355, US 4,536,475, US 5,464,763, US 
5,177,010, US 5,187,073, EP 267 159, EP 604 662, EP 672 752, US 4,945,050, US 5,036,006, 
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US 5,100,792, US 5,371,014, US 5,478,744, US 5,179,022, US 5,565,346, US 5,484,956, US 
5,508,468, US 5,538,877, US 5,554,798, US 5,489,520, US 5,510,318, US 5,204,253, US 
5,405,765, EP 270 615, EP 442 174, EP 486 233, EP 486 234, EP 539 563, EP 674 725, WO 
91/02071, and WO 95/06128. 

The appropriate genetically modified plants for causing HPPD overexpression in chloroplasts are 
especially described in patent application WO 96/38567, the contents of which is incorporated 
herein as reference. 

In another preferred embodiment of the invention, HPPD can be overexpressed in the 
chloroplasts by introducing a gene coding for HPPD into the chloroplastic genome of said plants, 
under the control of functional regulation elements in the chloroplasts. Techniques for inserting 
genes into chloroplasts, like the regulation elements appropriate for expressing said genes in the 
chloroplasts, are well known by someone skilled in the art, and are notably described in the 
following patents and patent applications: US 5,693,507, US 5,451,513, and WO 97/32977. 

In a preferred embodiment of the invention, the plants that are appropriate for the procedure per 
the invention are either monocotyledon or dicotyledon plants, specifically garden or 
commercially cultivated plants, especially tomatoes, cereals, oleaginous plants, and more 
specifically com, colza, soya, and sunflowers. 

Certain plants can be modified so as to have specific oil content that differs from that found 
naturally in the plants, so that higher added value can be obtained from the plants and their 
nutritional qualities can be modified. This is especially true of high oil content com or 
sunflowers, soya, or colzas enriched with essential fatty acids for humans or animals. These 
plants with modified oil content can be obtained by conventional methods of cross and selection, 
or by introducing one or several heterologous genes into the genome of said plants, the 
expression of which allows both the qualitative and quantitative oil content to be modified. Such 
modified plants are notably described in the following patents: US 5,378,758, US 5,434,283, US 
5,476,524, US 5,545,821, US 5,602,311, US 5,625,130, US 5,638,637, US 5,668,299, or US 
5,710,366. The coding genes for proteins that can modify the oil content of plants, and the 
modified plants containing them, are notably described in the following patents and patent 
applications: WO 98/06862, WO 98/05758, WO 97/48793, WO 97/16559, JP 9 065 882, WO 
97/12047, WO 97/07222, WO 96/31609, WO 96/24674, WO 96/02652, JP 6 090 766, WO 
93/11245, WO 91/18985, WO 91/13972, US 5,706,603, US 5,704,160, US 5,689,050, US 
5,663,068, US 5,639,790, US 5,614,393, US 5,589,619, US 5,530,186, US 5,512,482, US 
5,500,361, US 5,498,544, and US 5,254,801. 

In plants that are modified so as to produce higher added value oil content (both in quality and 
quantity of oils produced), said oils must be effectively protected, especially against oxidation, 
which renders them unexploitable and/or causes them to lose all value. A phenomenon of 
accelerated oxidation and rancidity of the oils from certain com modified to produce large 
quantities of oil, such as those described in patent US 5,704,160, has been observed, which 
renders the seeds of this com inexploitable, especially for animal feed. By increasing tocopherol 
and vitamin E production in such modified plants, it is possible to protect said oils against 
oxidation processes. 
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In a preferred embodiment of the invention, the plant in which HPPD is overexpressed in the 
chloroplasts is a plant with modified oil content, as described above. 

The gene coding for a fusion protein transit peptide/HPPD, or for the direct expression of HPPD 
in the chloroplasts, can be introduced into said plants either directly, using the usual techniques 
of genetic engineering described above, or by cross and selection with the parent plant 
containing said gene. 

In the case of plants genetically modified to express one or several proteins that modify its oil 
content, both qualitative and quantitative, the gene or genes coding for said proteins modifying 
the oil content can be introduced into the genome of said plant simultaneously with the gene 
coding for a fusion protein transit peptide/HPPD. In a specific embodiment of the invention, the 
genes are introduced simultaneously and combined in the same vector, especially the same 
plasmid, such that the genes are always associated in the genome of the modified plant. In this 
case, not only will the gene coding for the fusion protein transit peptide/HPPD protect oils 
obtained from the plant from oxidation, thus preserving the value, but due to its tolerance to 
certain herbicides described in patent application WO 96/38567, it will facilitate the selection of 
plants with high added value in seed selection programs. 

After the plants that are genetically modified to overexpress HPPD in the chloroplasts are 
cultivated, tocopherols and vitamin E can be extracted and purified, in whole or in part, using the 
usual methods, from both the leaves and the seeds of said cultivated plants, simultaneously with 
oil extraction from said plants, thus preserving said oils against oxidation phenomena and 
enriching said oils with high added value molecules essential to animal and human health and 
food. 

In one embodiment of the invention, the cultivated plants or their seeds can be used as such, 
without prior extraction of the vitamin E and tocopherols as a food element, alone or in mixture 
intended for human or animal consumption. 

The following examples will illustrate the invention, without limiting its scope. 
Example 1: Vitamin E content of modified tobacco 

CY and CO modified tobacco described in examples 2 to 5 in patent application WO 96/38567 
were cultivated. The vitamin E content of the tobacco leaves was measured after extracting the 
vitamin E. Analyses showed a higher vitamin content in CO tobacco, with HPPD localized in the 
chloroplasts. 

The analysis was performed as follows: qualitative, non-altering extraction performed with a 
hexane:isopropanol 3:2 (v/v) type solvent, but other mixtures can be used. Tocopherol assay was 
performed using HPLC per various protocols, like that referenced in lUPAC 2.432, among 
others. 

Example 2: Vitamin E content of modified soya 
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Soya tissues. Jack and Chapman varieties, were modified as follows: 

The soya tissues were modified using the particle bombardment technique (Finer and McMullen, 
1991, In vitro Cell. Dev. Biol. 27P:175-182.). 

Soya regeneration was obtained using the protocol described by Finer and McMullen, 1991. 
Embryogenic suspensions were started from immature zygotic cotyledons; these suspensions 
were made competent for transformation using successive reseeding in a medium containing 2,4 
D. The soya tissues were then modified by particle bombardment. Tissue selection was 
performed on a medium containing hygromycine as a selection agent, at a dose of 30 ppm. 
Embryonic calluses in fertile plants were regenerated by converting the calluses in embryos by 
extracting the 2,4 D. These embryos were then rooted and set to germinate on an appropriate 
medium. The young plants were transferred into a greenhouse. 

We obtained Jack and Chapman soyas using this process. They included a gene coding for a 
fusion protein OTP/HPPD, described by sequence identifier no. 1, controlled by regulation 
elements comprising a double histone promoter and TEV transcription activator and a Nos 
terminus (identical construct to that introduced into the CO modified tobacco in example 1 and 
represented schematically in the following figure). 

Schemafic representation of the OTP/HPPD gene 
[diagram] 

[ ] double histone promoter 
[ ] transcription acfivator (TEV) 
[ ] optimized transit peptide 
[ ] HPPD coding region 
[ ] Nos terminus 

These modified soyas, with strong HPPD activity in the plasts, demonstrated tolerance to very 
high isoxaflutole content (HPPD inhibitor herbicide). The vitamin E content of the leaves and 
seeds of these modified soyas was very clearly greater to the vitamin E content of the 
corresponding non-modified soyas. 

SEQUENCE LISTING 

(iii) NUMBER OF SEQUENCES: 1 

(2) INFORMATION FOR SEQ ID NO 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1449 base pairs 

(B) TYPE: nucleotide 

(C) NUMBER OF STRANDS: double 

(D) TOPOLOGY: linear 

(ii) TYPE OF MOLECULE: cDNA 
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(ix) CHARACTERISTIC: 

(A) NAME/KEY: OTP 

(B) LOCATION: L..372 

(ix) CHARACTERISTIC: 

(A) NAME/KEY: HPPD 

(B) LOCATION: 373... 1446 

(xi) SEQUENCE DESCRIPTION: SEQ ED NO 1 
[sequences] 

CLAIMS 

L A procedure for producing tocopherols in genetically modified plants, consisting of 
cultivating a plant that is appropriately genetically modified to cause overexpression of a 
hydroxyphenylpyruvate dioxygenase (HPPD) in the chloroplasts of the plant cells of said 
genetically modified plant. 

2. A procedure as in claim 1, wherein the HPPD is overexpressed in the chloroplasts by 
production of a fusion protein comprising a transit peptide bound to HPPD on its N-terminus 
(transit peptide/HPPD) in the cytoplasm. 

3. A procedure as in claim 2, wherein the transit peptide comprises a transit peptide of a 
cytoplasmic precurser of a protein or polypeptide at plastidial locations in plants, preferably 
chloroplasts. 

4. A procedure as in claim 3, wherein the transit peptide comprises the transit peptide of the 
ribulose-L5-bisphosphate carboxylase/oxygenase small subunit or the chlorophyll a/b binding 
protein or the EPSPS transit peptide of the plant. 

5. A procedure as in claim 2, wherein the transit peptide is a multiple transit peptide 
composed of a first transit peptide of a cytoplasmic precurser of a protein or polypeptide in a 
plastid, one part of the mature N terminus part of a protein or polypeptide in a plastid, then a 
second transit peptide of a cytoplasmic precurser of a protein or polypeptide in a plastid. 

6. A procedure as in claim 5, wherein the multiple transit peptide is the optimized transit 
peptide comprising the transit peptide of the sunflower RuBisCO small subunit, a sequence of 22 
amino acids of the com RuBisCO small subunit, and the transit peptide of the com RuBisCO 
small subunit. 

7. A procedure as in claim 6, wherein the fusion protein transit peptide/HPPD has the 
sequence described by sequence identifier no. 1 (SEQ ID NO I). 
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8. A procedure as in one of claims 1 to 7, wherein the plant is chosen from among tomatoes, 
cereals, oleaginous plants, and especially from com, colza, soya, and sunflowers. 

9. A procedure as in one of claims 1 to 8, wherein the plant is a plant with modified oil 
content. 

10. A procedure as in one of claims 1 to 9, wherein the tocopherols are extracted and 
purified, in whole or in part. 

11. A procedure as in one of claims 1 to 10, wherein the cultivated plants or their seeds are 
used as is, without prior extraction of the vitamin E and tocopherols as food elements, either 
alone or in combinations intended for human or animal consumption. 



